Even though the respiratory system is one of the most accessible organs for diagnostic testing, it is not always easy to define chronic lower airway disease in the horse. Diagnostic procedures performed by first opinion veterinarians in the field are often restricted to taking the history and performing clinical examination. Respiratory tract endoscopy, tracheal or bronchoalveolar lavage, and blood sampling are sometimes used but other specific ancillary examinations are seldom performed in stable settings. Therefore, our objectives were to evaluate the diagnostic value of different techniques and examination types routinely used in the diagnostic workup of chronic equine lower airway cases in both stable and clinical circumstances. Another aim of this study was to estimate the prevalence of different chronic pulmonary disorders among horses admitted to a Hungarian referral clinic. According to the conditional inference tree method, age of the horse, history, clinical examination, respiratory tract endoscopy, and bronchoalveolar lavage cytology proved to be the most valuable tools to define pathology. It was also concluded that in 22% of cases, more specific ancillary diagnostic modalities, unavailable for the field veterinarian, were needed to establish the final diagnosis. According to our study, the most frequently diagnosed chronic pulmonary disorders in Hungary are of noninfectious origin, principally recurrent airway obstruction. Regardless of the cause, and interestingly including recurrent airway obstruction as well, these diseases occur primarily during the warm months.
Introduction
After establishing a definite diagnosis in as many pulmonary cases as possible, a significant number of horses are always left with no definitive diagnosis even when using current understanding and available ancillary diagnostic techniques [1] . Although an accurate history and especially bronchoscopy can confirm the presence of pulmonary disease, pulmonary cytology forms a mainstay for diagnosing the specific chronic pulmonary disease using the criteria described in previously published data [2] .
Chronic lower airway disorders can be of several origins such as allergy, hypersensitivity, infections, toxicity, loss of pulmonary vascular integrity, or neoplasia. One of the most commonly diagnosed chronic lower airway diseases is recurrent airway obstruction (RAO) [2] , which is believed to be caused by an allergic reaction to inhaled molds and shares similarities with the noneosinophilic form of asthma in human beings [3] [4] [5] . Airway obstruction, inflammation, mucus accumulation, and tissue remodeling have been shown to contribute to the pathophysiology of RAO [6] . Airway obstruction causing typical labored breathing is reversible by controlling dust in the environment or using bronchodilators [6] . A mild form of lower airway inflammatory disease commonly encountered in young athletic horses has been recognized as a separate entity from RAO and is termed inflammatory airway disease (IAD) [7] [8] [9] . In the majority of cases, RAO and IAD may be differentiated on the basis of clinical grounds; however, some have argued that, over time, horses with IAD may progress into RAO [10, 11] . In the pathogenesis of IAD, a variety of causal agents might be involved, such as respirable organic and inorganic particles in stable dust [12] , immunological factors, and infectious agents [9, 13] . Although IAD is a nonseptic inflammation of the lower airways without any evidence of systemic signs of infection, in a previous study, a clear association was demonstrated between some infectious agents and the prevalence of IAD [13] . Infections causing lower airway disease in adult horses include viral, bacterial, fungal, and parasitic agents, and they more typically occur after a predisposing effect that suppresses pulmonary immunity like long-distance transport or strenuous exercise, resulting in systemic signs [14] . Exercise-induced pulmonary hemorrhage (EIPH) occurs in the majority of racehorses and is observed sporadically in many other sport horses that require strenuous exercise for short periods [14, 15] . Proposed pathophysiological mechanisms include high pulmonary vascular pressures during maximal exercise as well as pulmonary inflammation or obstruction of the upper or lower airways [14, 16, 17] . Other lower airway disorders like granulomatous, neoplastic diseases, or interstitial pneumonias are rarely diagnosed in horses [14] . Differentiation between the aforementioned lower airway respiratory disorders on the basis of their flexible and ambiguous definitions can sometimes be difficult or even impossible. Clinical signs and the causal factors may overlap, or one of these disorders may induce the other. Because treatment and prognosis can significantly differ, an appropriate diagnosis is always necessary.
Our objectives were to evaluate the diagnostic value of different techniques and examination types used routinely in the diagnostic workup of chronic equine lower airway cases by field veterinarians and in clinical circumstances. Another aim of this study was to estimate the prevalence of different equine lower airway diseases among horses admitted to a Hungarian referral clinic.
Materials and Methods
The study was performed between July 2005 and August 2008, at the Clinic for Large Animals, Faculty of Veterinary Science, Szent István University. In total, 100 horses (25 stallions, 39 geldings, and 36 mares) of different breedsd61 Hungarian Half-breeds, 10 other European Half-breeds, nine Lipizzaner, five Friesians, four Thoroughbreds, four ponies, four Arabians, and three American Breedsdaged 1 to 17 years (mean: 9.1 AE 2.8 years), with chronic respiratory symptoms such as cough, nasal discharge, dyspnea, or poor performance were included in this study. Chronicity of a minimum of 4 weeks was the minimum requirement for inclusion in the study. Most of the equine patients (76%) were referred for a second opinion. The same standardized examination protocol was followed in all cases.
Examination Protocol

History
A special questionnaire was developed for taking the history. Breed, age, gender, usage of the horse, and a complete history with presenting signs, disease process, duration and type of previous treatments, and stabling conditions were recorded. Then, on the basis of these data, a simple scoring system was established to evaluate the stabling technology and disease process for statistical analysis ( Table 1 ). The months of clinical admission for examination and disease establishment or exacerbations were noted. Referring surgeons were questioned about diagnostic techniques they used in each particular respiratory case and also about their suspected diagnosis.
Clinical Examination
A general physical examination was performed about 60 minutes after the horse arrived at the clinic. The main findings regarding the respiratory tract (RT) were evaluated with clinical scores on the basis of the methods developed by Naylor et al. [18] and Traub-Dargatz et al. with slight modifications [19] (Table 2 ). The sum of the numbers assigned to the different symptoms was used to generate the general clinical severity score.
RT Endoscopy
In the majority of the cases, RT endoscopy (CF-VL, Olympus GmbH, Hamburg, Germany) was performed without sedation to obtain most of the information about the function of both the lower and upper airways. In noncooperative animals, sedation with detomidine (10 mg/ bwt; Domosedan inj.; Orion Pharma, Espoo, Finland) in combination with butorphanol (10 mg/bwt; Alvegesic inj.; Alvetra u. Werfft GmbH, Wien, Austria) was used. The nasal passages, pharynx, larynx, and guttural pouches were inspected and the upper respiratory tract (URT) was evaluated with score 0 if negative and with score 1 if any 288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349 functional disorder was suspected. The volume of the respiratory secretion (RS) present in the cranial thoracic trachea was semiquantitatively described according to the grading system by Gerber et al. [20] . The nature of the RS was also recorded as mucoid, mucopurulent, purulent, or hemorrhagic. Tracheal and bronchial respiratory mucosa was also examined for evidence of inflammation, that is, for bluntness of the normally sharp carina and for the presence of hyperemia. End expiratory bronchoconstriction or bronchial collapse was also noted.
2.1.4. Respiratory (Tracheal) Secretion Cytology and Culture RS was collected transendoscopically through the work channel using a sterile 2-m long plastic catheter (PW1V, Olympus GmbH, Hamburg, Germany). Within 1 hour of collection, an air-dried smear of RS was prepared and fixed with a fixative, and a differential cell count of 100 cells was performed on a Diff-Quick (Reagens Kft., Budapest, Hungary) stain preparation. The sample was sent for bacteriology when secretion was macroscopically considered purulent or the history had described a previous suspected RT infection or the results of clinical examinations were suspicious of infectious origin. Samples were injected to a transport media and sent for culturing to a specialized veterinary microbiology laboratory.
Bronchoalveolar Lavage Fluid Cytology and Culture
In each case, bronchoalveolar lavage fluid (BALF) was obtained through a BIVONA catheter (Bivona Medical Technologies Inc., Gary, IN) with horses under sedation as previously described. To reduce the physical irritation of the mucous membrane, 0.5% lidocaine solution (Lidokain inj.; Richter Gedeon Nyrt., Budapest, Hungary) was sprayed on the carina, and then 350 mL of lukewarm saline was instilled and aspirated. The volume of fluid gained back, its transparency, color, and the presence of a foamy layer were recorded. Within 30 minutes of collection, BALF cytospin cell preparations were made. Romanowsky stain (DiffQuik; Reagens Kft., Budapest, Hungary) was used, while keeping in mind that this stain has been found to be inadequate for detecting pulmonary mast cells [21, 22] . Differential cell counts were performed on 300 cells by a board-certified clinical pathologist blinded to the clinical and endoscopic findings. Values given by Derksen et al. [23] were used as references.
In 67 cases of the supplementary laboratory examinations (48/67), further diagnostic imaging procedures (67/ 67) or bronchodilator test (10/67) with 0.02 mg/kg intravenous atropine (Atropinum sulfuricum inj., Egis, Budapest, Hungary) were performed (Table 3) .
Diagnostic Criteria Used to Classify Cases
RAO/Heaves
RAO was defined as chronic neutrophilic pulmonary inflammation associated with the presence of hay and/or straw in the affected horses' environment and with clinical manifestations varying from mild cough to severe dyspnea at rest. The BALF of horses with RAO showed moderate to severe neutrophilia (>20% cells), decreased lymphocyte, and alveolar macrophage counts [25, 26] . Summer pastureassociated (SPA)-RAO is clinically indistinguishable from RAO except that the affected horses develop signs while maintained on pasture [9] .
IAD
By definition, horses with IAD might show poor performance, exercise intolerance, or coughing, with or 350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372  373  374  375  376  377  378  379  380  381  382  383  384  385  386  387  388  389  390  391  392  393  394  395  396  397  398  399  400  401  402  403  404  405  406  407  408  409  410  411   477  478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538 without excess tracheal mucus, but without showing depression, fever, or increased respiratory efforts at rest [9] . It is commonly reported in young racehorses and decreases in frequency with increasing age [13] , but nonracehorses of all ages can have IAD [9, 26] . The most commonly encountered BALF cytologic profiles are characterized by increased total nucleated cell count with mild neutrophilia, lymphocytosis, monocytosis [7, 9, 26] , or eosinophilia [27, 28] . Although neutrophilic inflammation is commonly observed in BALF from horses both with RAO and IAD, the neutrophilia is usually less pronounced in cases of IAD (ie, <20%).
Infectious Disorders
Manifestations of infection such as lymphadenitis, fever, depression, decreased appetite, and weight loss are usually present in lower airway diseases of bacterial, viral, fungal, or parasitic origin [9] . Diagnosis is based on a positive culture with concurrent suggestive cytological findings (intracellular bacteria or fungal spores and signs of neutrophilic degeneration, like swollen nuclei or karyolysis) of tracheal wash fluid or an increase in antibody titer over the course of the disease within 14 to 21 days in suspected viral infection or a positive result of other molecular diagnostic tests.
Upper Respiratory Tract Functional Disorders with Small Airway Inflammation
Upper airway endoscopy at rest or during exercise allows for the identification of significant upper airway diseases. Concurrent abnormal bronchoalveolar lavage (BAL) cytology reflects lower airway inflammation. Horses with mild upper respiratory tract functional disorders (URTFD), expiratory dyspnea at rest, and BAL cytology of neutrophils of >20% were classified as RAO cases and URTFD was evaluated as coincidence findings.
Exercise-induced Pulmonary Hemorrhage
EIPH occurs primarily in horses performing short periods of high intensity work. The diagnosis is based on finding blood after performing bronchoscopy [29] or by detecting increased hemosiderin content within alveolar macrophages [30, 31] .
Chronic Interstitial Lung Diseases of Noninfectious Origin and Neoplasia
The interstitial lung disease is generally unresponsive to antimicrobial and anti-inflammatory therapy. Thoracic radiographs commonly show severe, diffuse, or nodular interstitial pattern. A transthoracic lung biopsy is the definitive test for diagnosing chronic interstitial lung disease or neoplasia [32] .
Undifferentiated Pulmonary Disorders
This group was composed of animals with detectable pulmonary disease where the diagnosis did not fall clearly into any of the aforementioned categories.
Statistical Analysis
To compare the history (Table 1) of horses with or without RAO, Fisher's test was used. To evaluate the usefulness or necessity of the different examination types used in the diagnostic workup of chronic equine lower airway and pulmonary cases, data were analyzed by using conditional inference tree methods [33] . First, we summed the historical and the clinical scores separately (scores are presented in Tables 1 and 2 ) and used these two new variables in a conditional inference tree model, which basically represents the decision-making paradigm frequently used in field veterinarian practice. Second, we added all the measured variables (age, gender, breed of the horse, historical data listed in Table 1 , month of admission, clinical parameters listed in Table 2 , RT endoscopy, RS cytology and bacteriology, BALF cytology, arterial blood gas and pH measurements, and x-ray and ultrasound findings) into another conditional inference tree model to see how much the decision-making rule might improve by using these ancillary tests.
Conditional inference trees were constructed with c quad -type test statistics and a ¼ 0.10 with simple Bonferroni correction. Each split needed to send a minimum of 3% of the observations into each of the two child nodes. All analyses were performed using the R 2.7.2. Statistical Software
[34].
Results
Overall, out of the 100 horses used in this study, 76 cases were referred by 45 veterinarians for a second opinion. They performed physical examination in all cases. RT endoscopy was carried out only in 22 cases with taking tracheal sample for culture and for cytology in 20 and eight cases, respectively. Blood was taken for hematology on 20 occasions, and BALF was sent for cytology on six occasions. Suspected diagnoses by field veterinarians were heaves (49/76) or respiratory infection (12/76), whereas the rest of patients were referred without any previous diagnosis.
On the basis of the BAL cytology, all of the examined 100 horses had some type and degree of lower airway disorder.
The case selection comprised horses with RAO (n ¼ 54), IAD (n ¼ 20), infectious pulmonary disease (n ¼ 9), URTFD with SAI (n ¼ 13; which consisted of idiopathic left laryn-
, and arytenoid chondritis [n ¼ 1]), and undifferentiated cases (n ¼ 4). We did not group any animal as primary EIPH case, but we had horses with erythrophages in their BAL in all other groups except the undifferentiated one. During the examined period we did not diagnose any neoplasia or interstitial lung disease of noninfectious origin.
Chronic pulmonary disorders were more likely to be diagnosed during the warm months (87% of the cases were diagnosed between March and November), and most horses started to show symptoms or had exacerbated clinical signs also during this period. The distribution of the onset dates shows a trend for three main peaks during the year for patients with RAO and IAD: one peak at the beginning of spring, a second smaller peak in the middle of summer, and another peak at the end of summer (Fig. 1) . Clinical admission dates clearly follow the peaks of onset.
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Horses were used for pleasure riding (48%) or sports (52%), and the majority of them (71%) were kept in stables with the traditional Hungarian stabling technology of feeding dry hay and bedding with straw. Some owners (24%) had already implemented changes in this technology and introduced new hypoallergenic materials for bedding and used soaked hay. Only five horses, all of them diagnosed with RAO, were kept on pastures, but these animals also had supplementary dry hay almost year round.
Horses with RAO were significantly older as compared with those with IAD (P < .001), URTFD (P ¼ .022), or infectious disorders ([ID]; P < .001). The average (SD) ages were 10.8 (2.7), 6.3 (1.4), 8.3 (3.8), and 6.0 (3.3) years, respectively. Horses with IAD, URTFD, or ID did not differ significantly from each other regarding age. Horses with RAO were 3.4 times more likely to have a duration of respiratory symptoms for >8 weeks (Fisher's test, P ¼ .022), were 5.0 times more likely to show remission-exacerbation (Fisher's test, P ¼ .002), and were 3.4 times more likely to show no fever (Fisher's test, P ¼ .023), as compared with horses diagnosed with other chronic pulmonary disorders.
Regardless of the final diagnosis, the most common presenting clinical sign was cough (63%), and the least common was poor performance (10%). Nasal discharge and dyspnea were recorded in 41% and 40% of the cases, respectively.
The result of the first tree model (Fig. 2) , in which we used the data usually available through history questionnaire and physical examination carried out by field practitioners in the classification of horses suffering from pulmonary disorders, suggests that horses with RAO will most likely be found among horses with summed clinical scores and summed historical scores >4. According to this tree model, 38 of the 54 RAO horses and five of nine ID horses could possibly be classified correctly as RAO or ID patient. However, 13 of the 46 non-RAO patients were also classified with this tree model as horses suffering from RAO. None of the 20 IAD and 13 URTFD cases was classified correctly by this model.
For the second tree model, we added the data of ancillary diagnostic procedures (RT endoscopy: URT scoring and tracheal mucus grading, tracheal secretion cytology and bacteriology, BALF cytology, arterial blood gas measurements, as well as thoracic X-ray, and ultrasound). Results of URT endoscopy, neutrophil percentage in the BALF, history of previous infection, and age variables were selected as the main diagnostic criteria by the model (Fig. 3) .
The first splitting criteria of the tree model resulted in a group of horses in which the endoscopy was positive for URTFD. A total of 76.5% of these horses had URTFD and 23.5% were diagnosed with RAO. All of the URTFD horses, except for 7% of the RAO horses, belonged to this group.
The second most important grouping variable was the neutrophil percentage in the BALF. In cases where endoscopy was negative and neutrophil granulocyte percentage was <23%, none of the horses were diagnosed with RAO.
Among horses that had negative URT endoscopy and a neutrophil granulocyte percentage >23%, RAO was most prevalent if horses had a history without fever and were aged >6 years (93% of the horses suffering from RAO were found in this group).
Within the group of horses with negative URT endoscopy, a neutrophil granulocyte percentage >23% and a history of fever, 57% of horses were diagnosed with RAO, and 43% of them with ID (in total, 15% of horses diagnosed with RAO and 67% with ID were found among this group of horses).
With the help of this tree model, 41 of the 54 RAO horses, 14 of 20 IAD horses, and all 13 URTFD horses were classified correctly as RAO, IAD, or URT patient. Only three of the 46 non-RAO patients were classified as horses suffering from RAO. None of the nine ID cases was classified correctly by this model.
Because of the small sample size, we were not able to present statistically significant correlations, but the results of further laboratory, diagnostic imaging, and other 728  729  730  731  732  733  734  735  736  737  738  739  740  741  742  743  744  745  746  747  748  749  750  751  752  753  754  755  756  757  758  759  760  761  762  763  764  765  766  767  768  769  770  771  772  773  774  775  776  777  778  779  780  781  782  783  784  785  786  787  788  789   855  856  857  858  859  860  861  862  863  864  865  866  867  868  869  870  871  872  873  874  875  876  877  878  879  880  881  882  883  884  885  886  887  888  889  890  891  892  893  894  895  896  897  898  899  900  901  902  903  904  905  906  907  908  909  910  911  912  913  914  915  916 supplementary findings giving relevant information are presented in Table 4 . Finally, four cases remained undifferentiated. In contrast to this, 40% of RAO and 75% of ID patients were eventually misclassified by the field practitioners previously.
Discussion
According to the present study, the most frequently occurring chronic pulmonary disorders in Hungary are of noninfectious origin, principally RAO, which is similar to previous data on horses, presented for evaluation to North American [14] and British [2] referral clinics. RAO and IAD have been reported worldwide, but their incidence is highly variable and may depend on regional climatic factors, in particular temperature and precipitation [3] . The incidence of RAO is reported to be high in countries with a cool and wet climate and low in regions with a warm and dry climate [3, 35, 36] . Although Hungary has a relative dry and warm continental climate as compared with other western and middle European countries, RAO seems to be a very common respiratory disorder.
Regardless of the initiating cause, the most clinical admissions with respiratory disorders took place during the warm months, between March and November, when stables were open and most horses had some limited access to paddocks and pastures.
Seasonal occurrence can also be a typical feature of some diseases. As RAO is associated with exposure to hay and straw, as was previously described, it should be more common when horses are stabled during the winter [14, 36, 37] . Interestingly, in the present study, RAO had a higher prevalence during the spring and summertime as compared with the winter season. Conversely, Couëtil et al. [38] described that horses were 1.6 and 1.5 times as likely to be examined for RAO during the winter and spring, respectively, than they were during summer. In this study, the rapidly increasing number of cases in early spring coincides with the increase in pollen levels, the peak in June follows the increase in the outdoor-measured airborne mold content, and the third peak overlaps the highest level of pollen particles [39] . Although most of these horses were maintained in stable environment, we could not exclude that SPA-RAO induced by pollen allergy and other outdoor aeroallergens might coexist in such cases. Ward and Couëtil [3] have also described that the prevalence of RAO correlated with outdoor aeroallergen levels. According to the previously published data, however, classical RAO of stabled animals occurs during the winter or early springtime when horses are kept in closed barns and fed with dry hay [3, 8, 14, 16, 35] . As evidenced by our results, strictly following the previously published data with respect to the seasonal prevalence of RAO may result in a false diagnosis. Concurrent SPA-RAO complicates both evaluation and management of these horses and is a significant problem in Hungarian climatic and geographic 917  918  919  920  921  922  923  924  925  926  927  928  929  930  931  932  933  934  935  936  937  938  939  940  941  942  943  944  945  946  947  948  949  950  951  952  953  954  955  956  957  958  959  960  961  962  963  964  965  966  967  968  969  970  971  972  973  974  975  976  977  978 conditions. Five horses in the RAO group were kept on pasture during the entire year and experienced exacerbation during the warm months, but the original onset of the disease occurred when these horses had previously been maintained in a stable environment. Although the field veterinarian directed these patients to pastures, however, environmental control was not successful in these cases because the climate of Hungary makes hay supplementation necessary even during the summer months. Both outdoor aeroallergens and dry hay supplementation might be responsible for these exacerbations.
As described in other studies, weeks to months may pass between the onset of clinical signs in the field and the time of clinical admission [2, 38] . This might also influence our results regarding seasonal prevalence. Generally, more than 4 months passed during which the horses started representing clinical signs but were not examined, diagnosed, or treated at all. Subtle clinical signs usually do not alert owners and delay veterinary examination. This time delay might complicate diagnostic workup in several cases but makes RAO differentiation easier with recorded exacerbation-remission periods and relatively longer disease duration.
Details in the history about antecedent respiratory infection were not an exclusive feature of the cases in the ID group. We had horses in the IAD group that were referred as cases with suspected complications after some infection in the previous 6 months. Dixon et al [2] described that 19.2% of COPD Q 3 -affected horses had an infection immediately preceding the current respiratory disorder; in addition, according to Couëtil et al [11] , owners often report a history of infectious respiratory disease in the months preceding the diagnosis of IAD with several horses in the stable being affected. The role of infectious agents in the development of RAO and IAD is still not clear [6, 9] .
Although age is a helpful parameter when identifying cases of heaves, we also had horses in this group as young as 6 years of age. By contrast, our IAD group consisted of older horses than generally described in the previously published data [9, 40] .
First opinion veterinarians usually have limited possibilities to perform special laboratory or any diagnostic imaging techniques. On the basis of the present study, a specific questionnaire regarding history and a thorough clinical examination can be reliable in diagnosing horses with RAO. Hotchkiss et al. [41] have previously demonstrated the usefulness of a well-constructed questionnaire in discriminating between horses with and without RAO. Another study also emphasized that the majority of cases with heaves can be correctly diagnosed on the basis of physical examination [18] . According to our study, these cases with typical history and unequivocal clinical signs of heaves accounted for 70% of the RAO patients, which accounted for only 38% of all cases. This reflects other Fig. 3 . Conditional inference tree built by using data when added the results of ancillary diagnostic procedures. RAO, recurrent airway obstruction; IAD, inflammatory airway disease; URTFD, upper respiratory tract functional disorders with small airway inflammation; ID, infectious disorders; UPD, undifferentiated pulmonary disorders. 1106  1107  1108  1109  1110  1111  1112  1113  1114  1115  1116  1117  1118  1119  1120  1121  1122  1123  1124  1125  1126  1127  1128  1129  1130  1131  1132  1133  1134  1135  1136  1137  1138  1139  1140  1141  1142  1143  1144  1145  1146  1147  1148  1149  1150  1151  1152  1153  1154  1155  1156  1157  1158  1159  1160  1161  1162  1163  1164  1165  1166  1167   1233  1234  1235  1236  1237  1238  1239  1240  1241  1242  1243  1244  1245  1246  1247  1248  1249  1250  1251  1252  1253  1254  1255  1256  1257  1258  1259  1260  1261  1262  1263  1264  1265  1266  1267  1268  1269  1270  1271  1272  1273  1274  1275  1276  1277  1278  1279  1280  1281  1282  1283  1284  1285  1286  1287  1288  1289  1290  1291  1292  1293  1294 previous data indicating that history taking and the results of physical examinations were not sufficient to establish a respiratory diagnosis [26, 42] . None of the clinical signs were typical for any disorder. More severe respiratory symptoms were suggestive for RAO or ID, but history could help to differentiate between them. Performing BAL and evaluating the cytology sample had a great effect on carrying out a successful diagnostic workup. Increased neutrophil counts are the main diagnostic criteria for RAO, but cutoff values vary greatly among publications depending on the BAL technique used or the population studied [31] . Because we had no previous data concerning our technique and horse population, we decided to possibly include equine patients in the RAO group with neutrophils of >20%. Finally, we realized that our cases with heaves had >23% of neutrophils in their BALF. This finding is rather in agreement with the proposal that >25% neutrophils in BAL are necessary for a horse to qualify as being affected with RAO [8] . Neutrophilia in the BAL sample was prominent in the RAO horses as well as in most of the ID-affected horses, which complicated differentiation on the basis of cytology. BAL cytology results combined with no previous febrile period history and the age of the horse resulted in the identification of most of the patients with RAO.
Although lower airway disorders cannot be differentiated on the basis of RT endoscopy, endoscopy is the unique method to define URTFD [43, 44] . Simple respiratory endoscopy at rest selected all URTFD cases. In our caseload, none of the animals presented with suspicion of upper airway dysfunction. Cough, nasal discharge, and dyspnea can be caused by upper airway inflammation and obstruction as well [9, 45] . Interestingly, all of the horses with URTFD also had abnormal BAL cytology results indicating small airway involvement, which might also be responsible for the clinical signs. Small airway inflammation (SAI) in these cases could have possibly been caused by the altered airflow dynamics causing decreased mucociliary clearance and more negative pressure in the lower airway segments resulting in mechanical irritation or hemorrhage. Mild chronic aspiration and secondary infections could contribute to the disease. In a previous study about URT functional problems, the authors also suggested their predisposing role in lower airway inflammation [46] . Depending on each individual case, we have found various cytological findings with different increased cellular ratios. Increased neutrophil and exfoliated epithelial cell ratios can be explained by mechanical irritation or septic inflammation. Neutrophilia could be a sign of concurrent RAO as well. Aspiration of foreign material and bleeding can cause an increased number of macrophages [47] . Horses with dorsal displacement of the soft palate had either high lymphocyte or high neutrophil numbers in BAL fluid, both of which might be a sign of chronic viral or bacterial infection. Chronic bacterial or viral infections can cause upper airway inflammation simultaneously and may result in impaired function of the soft palate [14, 48] . In these cases, SAI might result from URT dysfunction or simply be a concurrent finding. Holcombe et al. [49] demonstrated that upper and lower airway 1295  1296  1297  1298  1299  1300  1301  1302  1303  1304  1305  1306  1307  1308  1309  1310  1311  1312  1313  1314  1315  1316  1317  1318  1319  1320  1321  1322  1323  1324  1325  1326  1327  1328  1329  1330  1331  1332  1333  1334  1335  1336  1337  1338  1339  1340  1341  1342  1343  1344  1345  1346  1347  1348  1349  1350  1351  1352  1353  1354  1355  1356   1422  1423  1424  1425  1426  1427  1428  1429  1430  1431  1432  1433  1434  1435  1436  1437  1438  1439  1440  1441  1442  1443  1444  1445  1446  1447  1448  1449  1450  1451  1452  1453  1454  1455  1456  1457  1458  1459  1460  1461  1462  1463  1464  1465  1466  1467  1468  1469  1470  1471  1472  1473  1474  1475  1476  1477  1478  1479  1480  1481  1482  1483 inflammations were both associated with stabling, but there was no direct correlation between them.
We performed further ancillary diagnostic tests in 67 animals but according to the inference tree method, these tests were not necessary for grouping them reliably in 67% of cases. These methods were useful only to refine the final diagnosis. In all other cases (22/100), a very thorough and complex diagnostic workup using special laboratory tests and diagnostic imaging techniques was necessary to reach the final diagnosis, thereby making it unachievable for the field veterinarian.
Radiographic and ultrasonographic evaluation of the chest facilitated differentiating mainly infectious conditions; all of them in this group had abnormal lung pattern and ultrasonographic findings. As described previously, these imaging techniques are helpful in differentiating between horses in group IAD and ID [9] ; however, in the absence of clinical evidence of more extensive, infectious disease, thoracic radiographs neither refine nor improve the diagnosis of IAD, but only increase diagnostic costs [50] . None of the radiologic findings were pathognomonic, not even in the ID group; thus, in each case, further diagnostic procedures were necessary. Caudally displaced lung borders, increased radiolucency with concave diaphragm, and bronchiectasis were sequelae of severe RAO, as demonstrated earlier [6, 51] .
Septic tracheal cytology or positive culture did not mean that animals could simply be grouped in the infectious group. Two horses with positive culture were placed in the URTFD group based on endoscopic results, and two horses with a secondary infection were placed in the RAO group based on history, clinical signs, and positive bronchodilator test. When infections complicated the suspected RAO cases, bronchoconstriction, as one of the causes of the respiratory signs and its severity, was evaluated with the atropin test [52] . Bacteria are commonly detected in airways of horses affected with heaves, and in many cases these findings are caused by impaired clearance as a result of RAO [2, 53, 54] . Further, infectious cases could be identified on the basis of serology and PCR Q 4 , but hematology did not prove to be reliable. Blood gas parameters did not differ significantly between groups, being quite useful for evaluating the evolution stage of the inflammatory process rather than in the diagnostic workup [55] .
Finally, 4% of the equine patients were left without a specific diagnosis. In such cases, conclusions were drawn from the response to different treatment protocols. In two cases, we had contradictive results with history and clinical signs being typical for RAO but BAL cytology showing a low number of neutrophils. These horses improved with steroid treatment. These cases could be horses suffering from RAO in remission but because they did not fulfill the criteria of RAO definition, we had to handle them separately. This also points out the fact that horses with RAO in remission are difficult to evaluate and final diagnosis can only be based on the characteristic history and clinical signs. There were cases resembling ID, but all cytology, cultures, serology, and PCR examinations were negative. BALF cytology showed moderately increased neutrophil number and bronchoconstriction tests were negative. They responded well for rest, anti-inflammatory, and long-term antimicrobial treatment. In the undifferentiated cases mentioned earlier in the text, results of further ancillary diagnostic tests were not specific for any lower respiratory disorder. Inappropriate staining technique might also be responsible for some of the unidentified cases.
We did not have any primary EIPH case, probably because we had not got any racing Thoroughbreds for examination and also other sports where EIPH is rather common, such as cutting, reining, polo, or cross-country event, are not widespread in Hungary. Hemosiderophages were found in some horses with all other types of disorders secondary to inflammation or obstruction of the airways. Frequent concurrent finding of hemosiderophages in BALF and tracheal mucopurulent secretion had earlier been demonstrated and supports the hypothesis of correlation between EIPH and lower airway inflammation [56, 57] .
The single chronic interstitial lung disease diagnosed was the equine multinodular pulmonary fibrosis, but because equine herpes virus 5 was detected with PCR, in this case we classified it as ID. Other chronic interstitial lung diseases were not identified, thus, they seem to account for minimal percentage of respiratory cases.
Conclusions
We recorded that first opinion veterinary surgeons infrequently use ancillary diagnostic techniques when investigating chronic lower airway disorders. We conclude that taking the history and performing a clinical examination are not sufficient to establish a final diagnosis in these cases. Number of successful diagnostic workup in the field would be higher if first opinion veterinarians used RT endoscopy and broncholaveolar lavage as basic diagnostic tools in all chronic respiratory cases. These ancillary diagnostic procedures are easily performed in stable circumstances as well. Although tracheal secretions and blood samples are more easily collected, results of TS Q 5 cytology and hematology are less informative. Culturing tracheal lavage samples might add to the final diagnosis but results cannot be evaluated easily because secondary infections can complicate primary non-ID and false negative cultures may also occur.
We also concluded that establishing a diagnosis in stable circumstances is impossible in approximately onequarter of cases, and it is still challenging in clinical settings.
It is also noteworthy that RAO appears to be widespread in Hungary, accounting for more than half of chronic pulmonary disorders. Finally, contrary to the current published data, it interestingly occurs mainly during the warm season. The high outdoor dust, air-borne mold, and pollen levels, and the necessary hay supplementation on pastures during the warm months complicate the optimal management of horses with RAO and commonly induce exacerbations in this period of the year. 1673  1674  1675  1676  1677  1678  1679  1680  1681  1682  1683  1684  1685  1686  1687  1688  1689  1690  1691  1692  1693  1694  1695  1696  1697  1698  1699  1700  1701  1702  1703  1704  1705  1706  1707  1708  1709  1710  1711  1712  1713  1714  1715  1716  1717  1718  1719  1720  1721  1722  1723  1724  1725  1726  1727  1728  1729  1730  1731  1732  1733  1734 
